Traditional complementary foods (CF) with a low nutrient density have been implicated in growth faltering, stunting, and other adverse outcomes in children. The efficacy of 2 types of locally produced, micronutrient-fortified CF to prevent stunting of infants living in rural Vietnam was evaluated. In a village-randomized controlled study, 426 infants, 5 mo of age, received for 6 mo a fortified CF, either as an instant flour (FF) or a food complement (FC) in village canteens, or traditional CF at home (C). After 6 mo of intervention, weight, length, length-for-age Z-score (LAZ) and weight-for-age Z-score were greater in the 2 intervention groups compared with the C group, with an estimated effect of +0.22 LAZ for the FF group and +0.21 LAZ for the FC group. At the last follow-up, 18 mo after the intervention, there was no significant difference in height-for-age Z-score (HAZ) between the groups, even though the HAZ in the FF group was 0.17 greater than that in the C group (P = 0.18). In contrast, the weight-for-height Z-score and BMI Z-score, indices of ponderal growth, were greater in the FF group (20.49 and 20.26, respectively) than in the FC group (20.73 and 20.49, respectively), with Z-scores in the C group intermediate and not significantly different from the others. This study shows that regular provision of locally produced CF fortified with micronutrients partly stopped growth faltering in Vietnamese infants, with differential effects on long-term length and ponderal growth. Providing only micronutrients instead of a complete array of nutrients might result in only short-term length growth benefits.
Introduction
Stunting is associated with adverse outcomes such as impaired cognitive development, increased morbidity, and child death (1) . Indeed, it is estimated that stunting is associated with >1.4 million child deaths per year (2) . Stunting is the result of growth faltering in infants and children to such an extent that the child falls below < 22 height-for-age Z-scores (HAZ) 10 , the threshold for stunting as defined by WHO. In many developing countries in Southeast Asia, including Vietnam, infants are born with little or no growth deficit (3) . Because growth faltering is a process that takes time, the prevalence of stunting is often low in early infancy but rapidly increases in early childhood. Moreover, the introduction of complementary foods (CF) at (or before) 6 mo of age is a critical period that is often associated with a high rate of infection, consumption of less energy-dense foods, and the acceleration of growth faltering. Prevention of stunting requires interventions in infancy to prevent or reduce growth faltering before the children fall below the stunting threshold. The correction of stunting once it has occurred requires catch-up growth, which is difficult to achieve (4) , and may carry the risk of (irreversible) damage already done, e.g., impaired psychomotor development (5) . In Vietnam, growth faltering often starts around the time of the introduction of CF, when the child is 5-6 mo old. The prevalence of stunting rapidly rises to ;20-30% by 12 mo and reaches a maximum of ;30-40% when children are 15-20 mo old (6) . Adequate feeding practices, including affordable CF of high quality, are essential for optimal infant growth and development. In Vietnam, traditional CF mainly consist of gruels made from rice flour, sometimes with the addition of legumes (green mung bean or soybean), oil seeds (sesame or peanut), vegetables (morning glory), sugar, salt, and monosodium glutamate. Unfortunately, the nutrient density (in terms of carbohydrates, fat, and protein as well as micronutrients) of these CF is almost always too low to appropriately complement breast milk to meet the nutritional requirements of 6-to 12-moold infants (7, 8) .
The National Institute of Nutrition, Vietnam, in collaboration with the Institute of Research for Development in France and the French nongovernmental organization Groupe de Recherches et dÔEchanges Technologiques developed the Fasevie program to promote the production of high-quality CF by small private or semiprivate Vietnamese companies. Two products were developed: a ready-to-use, micronutrient-fortified instant flour (FF) and a food complement (FC) containing amylases and micronutrients to be added to the traditionally prepared rice gruels (9) . The objective of this study was to evaluate the efficacy of these 2 types of micronutrient-fortified CF on micronutrient status and growth of infants living in rural Vietnam. Earlier, we reported that micronutrient status improved in the 2 groups of infants who received the fortified CF (10) . Here, we report the effects of 6 mo of consumption of the 2 types of micronutrient-fortified CF on linear and ponderal growth during and at the end of the intervention as well as 6 mo and ;1.5 y after the end of the intervention.
Participants and Methods
The intervention study was carried out between December 2001 and September 2004 in Tam Ky district, Quang Nam province in central Vietnam. The selection criteria for the study site included a high prevalence of stunting and the support of the local health authorities. Twenty-nine villages were randomly divided into 3 groups to receive either: 1) an energy-dense gruel prepared from an instant flour fortified with micronutrients (FF group); 2) an energy-dense gruel prepared from a traditional gruel with the micronutrient-fortified FC added (FC group); or 3) nonfortified, traditional gruel (C group).
Sample size was calculated on both hemoglobin expected changes (10) and to detect a 0.16 difference in changes in length-for-age Z-scores (LAZ) over the intervention period, with an expected SD of 0.80, a power of 0.80 and a design effect of 1.5. The calculated sample size was 122 infants/group and this was increased by 10% to allow for dropouts. Hence, a total of 134 infants/group at enrollment was required.
All eligible infants in the study villages were invited to participate in the study. Infants were eligible when they were 5-mo 6 14-d-old, singleton, breast-fed infants. Infants were recruited and included in the study over a period of 13 mo. All parents were informed orally and in writing about the aims and procedures of the study and written informed consents were obtained from at least one parent before enrollment into the study. At baseline, infants were examined by a physician and anthropometrically assessed. Only infants free from chronic or acute illness, severe malnutrition [weight-for-length Z-scores (WAZ) or LAZ # 23] or congenital abnormality were included.
The energy-dense, fortified foods were distributed daily during the intervention period to the child free of charge through canteens especially set up for the study. Canteens were open from 0600 to 1800 and parents or caretakers were free to come anytime during this period. Gruels were prepared at the time parents came to the canteen by a trained field assistant and were fed to infants by the accompanying person. Before the beginning of the study, parents were asked to come at least 2 times/d and were free to come as many times as they wanted. All visits of the individual infants were registered. The duration of distribution of the study foods was 6 mo, hence when the infants were between 5 and 11 mo of age.
The micronutrient-fortified CF were produced by the Cong Ty Luong Thuc Va Dich Vu factory, Quang Nam province, Vietnam, and met all requirements of the Vietnamese regulations for commercial food products. The FF was made with rice (50.3%), soy bean (20.7%), sugar (15.5%), sesame (5.3%), dry milk (5.2%), iodized salt (0.7%), Ca 3 (PO 4 ) 2 (1.2%), vitamin and mineral premix (0.8%), and fragrances (0.26%). The FC was made with soybean (87.07%), iodized salt (3.2%), Ca 3 (PO 4 ) 2 (6.4%), vitamin and mineral premix (3.3%), and a-amylases (0.03%). Nutrient compositions of FF and FC (Supplemental Table 1 ), as well as the composition of the nonfortified traditional gruels, were previously published (10) . The FF gruels were prepared by simply mixing the FF with water (25 g FF plus 75 g water/100 g gruel). The FC gruels were made by adding the FC to rice flour (25.6 g FC to 74.4 g rice and water) and cooking the mixture for at least 10 min (8) . The gruels had similar nutrient concentrations. In 100 g of ready-to-eat gruel, the energy levels in FF and FC were: 414 6 75 kJ and 439 6 50 kJ, respectively. Similarly, there were 3.6 6 0.6 and 4.3 6 0.6 g protein, 2.1 6 0.1 and 1.6 6 0.2 g lipids, 5.4 6 1.0 and 8.6 6 2.3 mg iron, and 1.5 6 0.3 and 1.8 6 0.3 mg zinc in 100 g FF and FC, respectively. However, the phytate and calcium concentrations were greater in FC than in FF, resulting in phytate:Zn molar ratios of 8.9:1 and 4.0:1, respectively.
Anthropometry of infants was measured at baseline [at the age of 5 mo (T5)], at 3 mo after the start of the intervention (at the age of 8 mo), at the end of the 6-mo intervention period [at the age of 11 mo (T11)], and 6 mo after the end of intervention period [at the age of 17 mo (T17)]. In addition, the childrenÕs nutritional status was reassessed in a crosssectional survey between 11 and 24 mo after the end of intervention period, depending of their date of inclusion into the intervention period, when children were between 22 and 35 mo of age (T29).
The length (Harpenden infantometer, CMS Weighing Equipment, precision 0.1 cm) and weight (Seca scale, precision 10 g) of all infants from T5 to T17 were measured by a trained anthropometrist. Height was measured at T29, standing up, using a locally made measuring board (precision 0.1 cm). Length or height was measured 3 times and the mean length/height was used for statistical analysis. Stunting was defined as a LAZ (from T5 to T17) or HAZ (at T29) < 22 Z-scores, wasting as weight-for-height Z-score (WHZ) < 22 Z-scores, and underweight as WAZ < 22 Z-scores using WHO reference standards (11) .
The exact quantity of intervention gruels as well as of the homemade traditional gruels and all other types of foods consumed was measured in a subsample of 144 infants (48/group) at 6, 7, 8, and 9 mo of age over a period of 12 h. The frequency and duration of breastfeeding was also assessed. Details on the methodology and results of this substudy were recently published (8) . Daily frequency of consumption of the experimental gruels was (mean 6 SD) 2.6 6 0.6 and 2.4 6 0.6 meals/d in the FF and FC groups, respectively, representing a total of 270 g of gruel consumed per day in both groups. Moreover, the mean number of meals per day did not significantly differ between the 3 groups: 3.3 6 1.3 for FF, 2.9 6 0.9 for FC, and 3.3 6 1.3 for C, with experimental gruels replacing traditional gruels in the 2 experimental groups (8) .
The Scientific Committees of the NIH, Hanoi and of the Ministry of Health, Hanoi reviewed and approved the study protocol. Only infants with the informed consent of their parents participated in the study. At the end of the intervention period, all anemic infants were referred to health centers to receive iron supplements.
Statistical analysis. Data were analyzed with SPSS software (version 15.0, SPSS). Normality was tested with the Kolmogorov-Smirnov test. The effects of both interventions were tested by ANCOVA, controlling for baseline values. To control for the cluster randomized design of the study, village was included as covariate in all analyses. When the F-test was significant, main effects were compared using the Bonferroni correction for multiple comparisons. ANCOVA models were used to assess the estimated effect sizes of FF and FC on WAZ, LAZ/HAZ, and WHZ scores, again with baseline values as covariates. Differences in prevalence were tested with binary logistic regression analysis, controlling for baseline LAZ (stunting) or WAZ (underweight). The number of infants with wasting was too low to allow meaningful statistical analysis. P values < 0.05 and < 0.1 were considered significant for main effects and interactions, respectively. Values in the text are means 6 SD unless otherwise stated.
Results
Infants were recruited in 29 villages (Supplemental Fig. 1) . At recruitment, when the infants had a mean age of 5.0 6 0.3 mo, stunting was present in only 3% of the infants and <1% of infants were underweight (only one infant was wasted). There were no differences among the 3 groups at baseline for age, micronutrient status, or anthropometry (Table 1) (10).
Three infants were excluded just after baseline, 1 for missing anthropometry data (FF) and 2 with Hb <70 g/L (1 in FF group and 1 in FC group) who were referred to the health center of the district for treatment. In total, 377 infants completed the 6-mo intervention period. The rate of dropout (11.5%) over the intervention period did not differ among the 3 groups. The main reasons for dropout were parents withdrawing from the study because of lack of time to bring the infant to the canteen every day (n =
of nutritional status (anthropometry and micronutrient) as well as prevalence of stunting, wasting, and anemia did not differ between infants who completed the intervention period (data not shown) and children not completing the study.
At the end of the 6-mo intervention period (T11), weight, length, LAZ, and WAZ were significantly greater in the 2 intervention groups compared with the C group (controlled for baseline value, sex, and village), with no difference between the FF and FC groups ( Table 1) . Increments of length between baseline and end of the 6-mo intervention were greater in the FF group (8.2 6 0.1 cm) (P < 0.001) and the FC group (8.2 6 0.1 cm) (P < 0.001) compared with 7.6 cm 6 0.1 cm in the C group. Although all infants had a decrease in LAZ over the intervention row with superscripts without a common letter differ after controlling for sex, village ,and baseline value, P , 0.05. C, traditional complementary food (control group); FC, food complement; FF, instant fortified complementary food; NS, not signficant. 2 The P value represents the difference among the 3 groups, using ANCOVA, taking sex, village, and baseline Z-score into account. 3 NS = P $ 0.05.
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period, the changes in LAZ from baseline to end of intervention were less in the FF and FC groups compared with the C group (P < 0.001) and did not differ between the 2 intervention groups (Fig. 1) . There was an estimated effect of +0.22 LAZ (P < 0.001) for the FF group and +0.21 LAZ (P = 0.001) for the FC group compared with the C group. The groups did not differ in ponderal growth (WHZ) (Fig. 1 ). For WAZ, there was an estimated difference of +0.21 (P = 0.01) between the FF and C groups and 0.17 (P = 0.03) between the FC and C groups. Anthropometry at 8 mo of age, after the first 3 mo of intervention, showed that length increments were already greater in the FF (4.2 6 0.8 cm; P < 0.01) and FC (4.4 6 0.09 cm; P < 0.001) groups compared with the C group (3.9 6 0.8 cm), reflecting greater growth velocity in the 2 intervention groups during the first 3 mo of the intervention. Interestingly, growth velocity in the FC group was greater than in the C group only during the first 3 mo of intervention, with infants growing 5.4 mm more (P < 0.001) than children in the C group. During the last 3 mo of the intervention, length increments in the FC group (3.7 6 0.9 cm) and C group (3.7 6 0.8 cm) were similar. In contrast, length increments in the FF group were greater than in the C group over the whole intervention period, although the length increment in the second period did not differ between the FF group (3.9 6 0.9 cm) and the C group (3.7 6 0.8 cm) (P = 0.12). Length at baseline was a predictor of growth velocity during the first 3 mo of the intervention (B = 20.03; P = 0.001) but not during the last 3 mo of the intervention (P = 0.8), with infants with initially greater length having lower growth velocities.
At the end of the intervention period (T11), the prevalence of stunting, adjusted for sex, village, and baseline LAZ, did not differ between groups (Supplemental Table 2 ). However, the prevalence of stunting was lower in girls than in boys [OR = 0.44 (95% CI: 0.23, 0.85)].
Six months after the end of intervention (T17), when children were 17 mo of age, length and LAZ (controlled for baseline value, sex, and village) were still greater in the FF group (21.26 6 0.56 LAZ; P = 0.02) compared with the C group (21.40 6 0.57), with an estimated difference of 0.20 LAZ. The adjusted value of LAZ was 21.35 6 0.56 in the FC group and the estimated difference with the C group (0.15 Z-score, controlling for baseline values) was no longer significant (P = 0.13). There was no difference among the groups in WAZ or WHZ.
At the time of the last follow-up (T29), a cross-sectional survey, the mean age of the children was 2.9 6 0.3 y. The estimated difference in HAZ between the FF and C groups (0.17 Z-score) was no longer significant (P = 0.18), even though it was in the same range as at T17. Adjusted values of HAZ were similar in the FC (21.99 6 0.82) and C groups (22.05 6 0.81).
In contrast to linear growth, ponderal growth, assessed by WHZ and BMI Z-score, significantly differed between the 2 intervention groups at T29. The FC group had a lower adjusted WHZ (20.73 6 0.68) than the FF group (20.49 6 0.67, P = 0.02) and a lower adjusted BMI Z-score, with values of 20.49 6 0.67 and 20.26 6 0.67 in the FC and FF groups, respectively (P = 0.02).
Neither intervention group differed from the C group for WHZ (20.61 6 0.68) or BMI (20.36 6 0.68) Z-scores. The difference in ponderal growth between the 2 intervention groups was also reflected in a tendency toward a greater WAZ (adjusted for village, sex, and baseline values) in the FF group (21.40 6 0.63; P = 0.06) compared with the FC group (21.59 6 0.63). Stunting was high in all groups and tended to be higher in the C group than in the FF group (P = 0.09), with an intermediate rate in the FC group.
Discussion
This study showed that the general pattern of growth faltering during late infancy, which is observed in many developing countries, could be partly prevented by interventions including the provision of CF with a greater energy and micronutrient density than traditional gruels. A recent review by Dewey et al. (12) showed inconsistent effects of the provision of CF on linear growth, with a beneficial effect in, e.g., Ghana and Malawi (malnourished children), but no effect in South Africa, Indonesia, or Brazil. Of the 6 studies providing micronutrient-fortified CF, only one study, which provided fortified milk, had a significant positive effect on growth. Overall, there was only a modest, nonsignificant effect on length growth (effect size 0.12 SD). In the present study, providing a micronutrient-fortified CF, either in a FIGURE 1 Increments in linear (LAZ/HAZ) (A) and ponderal (WHZ) (B) growth at baseline and at each follow-up visit of infants receiving an FF, FC, or C between 5 and 11 mo of age, with no intervention after 11 mo. Data are mean 6 SEM. Means at a time without a common letter differ, P , 0.05 (ANCOVA, controlling for sex, village, and baseline value). From 5 to 29 mo, the n decreased from 157 to 130 in the FF group, from 135 to 106 in the FC group, and from 134 to 76 in the C group. C, traditional complementary food; FC, food complement; FF, fortified complementary food; HAZ, height-for-age Z-score; LAZ, length-for-age Z-score; WHZ, weight-for-height Z-score.
ready-to-use form (FF) or a micronutrient-fortified food powder (FC), had a large impact on growth, with an estimated effect >0.20 Z-score. The intervention foods delivered more energy and more micronutrients than the control food, so the effects of the intervention were most likely due to these nutrient groups. Protein intake was significantly greater in the intervention groups and the FF contained 5% dry milk powder (8) , which could also have contributed to improve growth (13) . In the FC group, the a-amylase resulted in a porridge with a lower viscosity, thereby increasing energy and nutrient density. Overall energy and nutrient intake was significant greater in both intervention groups than in the C group, even though the number of meals per day for each infant was the same (8) .
Another reason for the improved growth in the intervention groups could be better overall health. The greater micronutrient intake could also have resulted in better immuno-competence, thereby reducing morbidity and indirectly leading to improved growth. Indeed, morbidity in the 2 intervention groups was significantly lower than in the C group during the intervention (10). However, this lower morbidity could also be due to better hygienic circumstances in which the 2 intervention porridges were made compared with home preparation. Unfortunately, the design of the present study did not allow us to distinguish between these 2 possibilities.
Earlier, we reported that children in both the FF and FC groups had better iron status than the children in the C group at the end of the intervention period, whereas the effects on biomarkers of vitamin A and zinc status were less evident (10) . However, the better growth performance in the FF and FC groups during the first 3 mo of intervention clearly pointed to preexisting micronutrient deficiencies. Specifically, zinc deficiency was likely to be an important contributor to the growth faltering, as observed in the C group. Indeed, the IZINCG estimates that >20% of the Vietnamese population is at risk for zinc deficiency (14) and recent data from children <5 y of age and school children in North Vietnam showed that >50% had low plasma zinc concentrations (15, 16) .
Importantly, the effects on linear growth appeared to be maintained especially in the FF group after the end of the intervention. Six months after the intervention, the difference in LAZ scores between the C and FF groups was almost the same as directly at the end of the intervention, and was still 0.15 at 18 mo after the intervention, although, mainly due to a lack of power because of loss to follow-up, this difference was no longer significant. Using the new WHO growth standards, prevalence of stunting was high and none of the interventions had a sustainable impact on the prevalence of stunting, even though the prevalence of stunting tended to be lower in the FF group (10% lower) at 18 mo after the end of the intervention. It has been shown that the WHO growth curves give greater rates of stunting than the National Center for Health Statistics growth curves (19) . Using standards from the National Center for Health Statistics, the prevalence of stunting 18 mo after the end of the study was 23% in the FF group compared with 37% in the C group, a significant difference. However, regardless of the standard used, and focusing on growth performance rather than different cutoff thresholds, this study clearly showed that regular provision of CF fortified with micronutrients could partly stop the growth faltering that is commonly observed in infancy and early childhood in many developing countries.
Interestingly, 18 mo after the end of the study, ponderal growth was significantly different between the 2 intervention groups, with a greater WHZ and greater BMI in the children in the FF group. This difference can be a chance finding. However, it is also likely that differences in the composition of the 2 CF contributed to differences in body composition. Zinc has been shown to be essential for the synthesis of lean body tissue (17) . In our study, the phytate-Ca:Zn molar ratios of the FF and FC groups were 116 and 390, respectively, suggesting that zinc bioavailability in the FC group might have been lower. PhytateCa:Zn molar ratios of >200 were shown to negatively affect in vitro bioavailability of Zn from infant foods (18) . Indeed, the prevalence of zinc deficiency was lowest in the FF group at the end of the intervention (10) . Overall, the fortified instant CF provided a more complete array of nutrients, including proteins and lipids (8) , perhaps enabling a more optimal growth process, than the FC. This could have lead to growth in the FC group that may have been incomplete (e.g., less lean body mass increase) or not sustained. Indeed, in this study, growth velocity in the FC group was only greater than in the C group during the first 3 mo of the intervention. This study also demonstrated the importance of long-term follow-up after the end of an intervention to monitor whether the growth benefit achieved by an intervention was sustained.
To conclude, this study showed that provision of a CF fortified with multiple micronutrients, provided as an FC or as a complete fortified food, had an impact on growth performance during the 6-mo intervention, reducing growth faltering. In the months after the end of the intervention, gains in linear growth were especially maintained with the complete CF. The current study tested the efficacy of micronutrient-fortified CF and effectiveness and sustainability of this approach in a real situation should be evaluated. Making low-cost, multiple micronutrient-fortified CF available, e.g., through public-private partnerships, could be a key intervention to improve growth performance and reduce stunting in Vietnam and serve as an example for other countries in SE Asia.
